The looming concern of antimicrobial resistance (AMR) has prompted the government of many countries of the world to act upon and come up with the guidelines, comprehensive recommendations and policies concerning prudent use of antibiotics and containment of AMR. However, such initiatives from countries with high incidence of antibiotic-resistant bacteria in food animals are still in infancy. This review highlights the existing global policies on antibiotics use in food animals along with details of the various Indian policies and guidelines. In India, in spite of availability of integrated policies for livestock, poultry and aquaculture sector, uniform regulations with coordinated initiative are needed to formulate strict policies regarding antimicrobial use both in humans and animals. In an attempt to create effective framework to tackle the AMR, the Indian Council of Medical Research initiated a series of dialogues with various stakeholders and suggested various action points for urgent implementation. This review summarizes the recommendations made during the various consultations. The overarching aim of this review is to clearly delineate the action points which need to be carried out urgently to regulate the antibiotic use in animals.
Introduction
The use of antibiotics in healthy/farm animals is one of the neglected causes for the global antimicrobial resistance (AMR) upsurge. The recent debates and discussions on the undue routine use of antibiotics have necessitated the immediate interconnected action from government and society. The absence of consensus on standard policies, both, international and national veterinary domain due to inadequate research, uncharacterized risk impact and polarized stakeholder interests have collectively led to this area being neglected for a long time. Globally, there are now awareness and acceptance of the fact that coordinated actions are required to reduce the advent and dispersal Here we discuss the initiatives taken at the international and national levels to address the excessive use of antimicrobials in the production of food and food animals and the major gaps which need to be addressed.
Global scenario on antibiotic use in animals
The widespread exploitation of antibiotics in healthy food animals has amplified the extent of AMR globally 1 . Antibiotic consumption in animals is not limited to their therapeutic use. These are used for metaphylaxis (administration of antimicrobials to animals when perceived to be in contact with animals diagnosed with disease), for prophylaxis (mass administration of antimicrobials to animals to prevent disease when risk is established) and as antibiotic growth promoters (AGPs; administration of antimicrobials to animals to boost feed efficiency and increase weight gain, e.g. avilamycin, bambermycin, efrotomycin and ionophores) 2 . Global data show that high consumption of antibiotics in the animal health sector is as growth promoters than for treatment purpose. This is primarily to meet the growing demand of protein-rich food in countries where growing economies are leading to higher demand of nutritious food of animal origin. Food and Agriculture Organization (FAO) has demonstrated this gradual but sustained growth in volume of meat produced 3 .
There is limited evidence on the association between the antibiotic usage and prevalence of antibiotic-resistant (ABR) bacteria as well as their dissemination into the surrounding environments. The commensal bacteria present in livestock can acquire ABR genes and may accelerate the crosssectoral ABR problem by transmission of resistant microorganisms to humans through livestock products, crop culture, aquaculture products and environment 4, 5 . A study from seven European countries has documented correlation between the usage of eight classes of antibiotics and the occurrence of ABR Escherichia coli in pigs, poultry and cattle 6 .
Globally, various studies have documented the incidence of ABR bacteria in food animals and their food products, such as methicillin-resistant Staphylococcus aureus (MRSA) 7 , ABR Campylobacter spp. 8 , colistin-resistant E. coli 9, 10 , multidrug-resistant (MDR) Acinetobacter baumannii and Pseudomonas aeruginosa 11 , carbapenem-resistant 12 and extendedspectrum β-lactamase (ESBL)-producing Enterobacteriaceae (e.g. E. coli, Salmonella spp., Shigella spp. and Klebsiella spp.) 12, 13 . The ABR incidence is more in developing Asian and African countries 14 . A report on antibiotic usage in food animals by the 'World Health Organization (WHO) -Advisory Group on Integrated Surveillance of AMR' pointed out the increasing resistance to fluoroquinolones, macrolides, third-and fourth-generation cephalosporins and vancomycin 15 . This report emphasizes on the high risk of global ABR spread as most of the developing nations constitute a large proportion of exporters of food animals and their products. Studies from Europe (Denmark, Norway, Sweden and Switzerland) have documented the positive impact of reduced usage of antibiotics in food animals on the levels of ABR in bacteria [16] [17] [18] [19] . However, the resulting benefits of reduced ABR are challenging to associate with human health as total biomass production of food animal raised for consumption surpasses the human biomass 20 . This scenario also proliferates the advent of new resistance mutation in bacteria of animal origin 21 .
The analysis of global trends of antibiotic consumption has highlighted the high usage of antibiotics in veterinary sector than human sector 15, 22, 23 . Globally, in food animals, the total utilization of antimicrobials was valued at about 131,000 tonnes in 2013 and is expected to reach at about 200,000 tons by 2030 21 . An increase in both human population and global prosperity is main contributing factor in this projected augmentation of antimicrobial use in food animals. The analysis of consumption quantity of different antibiotics shows a substantial variation across the countries. As per 2010 global estimate, the maximum amount of antibiotics was consumed by China in livestock followed by the USA, Brazil, Germany and India 24 . In 2013, China (23%) and the USA (13%) held the highest shares in consumption of antibiotics for food animal production 21 , with India (4%) at the fourth position. The current trends predict India to be the next largest shareholder in gross antimicrobial usage in food animals. The presence of antimicrobial residues in food animal products has been reported from India which indicates the unregulated and extensive use of antibiotics 25 .
Global policies on antibiotic use in animals
Acknowledging the problem of unregulated use of antibiotics in food animals and consequent 26 . The GAP focuses on the set of strategies which include improving sanitation, hygiene and awareness about AMR, strengthening surveillance, promoting research, reducing infection incidence and optimizing the use of antibiotics along with improved interventions. The Tripartite Alliance further supports the multi-sectoral retorts to food safety hazards and risks from zoonosis and provides guidance to reduce these risks 26 . The FAO has also launched its 'AMR Strategy' to implement the WHO's GAP in the food and agricultural sectors 27 . In continuation with these efforts, OIE has evaluated animal health systems that detailed the lack of apt legislation to regulate various provisions related to the import, production, distribution and antimicrobials usage in 110 out of 130 countries 28 . The OIE has emphasized on the implementation of veterinary legislation and regulations endorsing judicial use of 'Veterinary Critically Important Antimicrobial Agents, Veterinary Highly Important Antimicrobial Agents and Veterinary Important Antimicrobial Agents' 28, 29 . The WHO has also ranked antimicrobials as per importance to human medicine, aiming to curtail the antimicrobials usage in food-producing animals and reserve certain classes of drugs for human use 15 . In Europe, Veterinary Committee on Antimicrobial Susceptibility Testing (Vet CAST) has provided the susceptibility testing guidelines on bacteria of animal origin and zoonotic bacteria as per the framework of European Committee on Antimicrobial Susceptibility Testing (EUCAST) 30 .
Many countries (Japan, USA and Colombia) particularly in the EU (Denmark, The Netherlands and Sweden) have implemented national targets to reduce antibiotic usage, ban on use and re-labelling of antimicrobials for livestock feed, benchmarks for antibiotics at farm level and antibiotic stewardship (e.g. NORM-VET, NethMap-MARAN, JVARM, DANMAP, FDA, NethMap-MARAN and SWEDRES-SVARM). Table I summarizes national resistance surveillance programmes across the world. The information driven from these national programmes has been instrumental in shaping local policies on antibiotic usage in food animals. However, the majority of lowand middle-income countries have neither mechanism in place to supervise the antibiotic consumption and subsequent residue testing in food animals and their products nor the national guidelines or programmes. The government of India has also highlighted the need of a strict regulatory framework and policies in the country to restrict antimicrobials usage in livestock (e.g. chicken, cattle and pigs) and their food produce 31 .
Indian scenario on antibiotic use in animals
India has high burden of infectious diseases both in humans and animals. Factors such as poor nutrition, sanitation and overcrowding are some of the leading causes for the occurrence of infectious diseases. India has a population of cattle (191 million), buffalo (109 million), sheep (65 million), goats (135 million), pigs (10 million) and more than 700 million poultry that produce almost 75 billion eggs every year 32 . Poultry production system demands excessive use of antimicrobials, mostly as growth promoters. There is enough literature stating the use of antibiotics and report of its resistance development in various livestock sectors, including poultry and aquaculture in India. Amongst the several bacterial species affecting the poultry, Staphylococcus, Pasteurella multocida and other bacteria have shown 100 per cent resistance to some drugs 33, 34 . In the North-East region, P. multocida isolates (n=72) from swine showed 70 per cent resistance to amikacin, streptomycin, penicillin-G and vancoymcin 34 . Suresh et al 35 reported Salmonella in 7.7 per cent of total 492 eggs in south India and found 100 per cent resistance to ampicillin, neomycin, polymyxin-B and tetracycline. A study conducted in various districts of Chhattisgarh evaluated the prevalence of Salmonella (7%) in 200 chicken meat samples. These isolates were reported to be highly susceptible to ciprofloxacin, 96.8 per cent to gentamicin and 93.7 per cent resistant to erythromycin 36 . Recently, a survey was carried out on 18 poultry farms of Punjab to analyze resistance of E. coli isolates (n=1556) against 11 antimicrobials 37 . The results of this study demonstrated a high prevalence of ESBL-producing Enterobacteriaceae in poultry farms (87 and 42% in broilers and layers, respectively). A high prevalence of E. coli resistant to nalidixic acid (86.1%) and around 45 per cent to various antibiotics such as tetracycline, Amongst livestock, about 20-30 per cent isolates of S. aureus from milk samples from cow and buffalo affected with mastitis were found to be resistant to gentamicin, tetracycline, erythromycin and lincomycin 40 . S. aureus in bovine and swine samples showed higher resistance to penicillin (94.6%) and ciprofloxacin (56.7%), while resistance to vancomycin was not found 41 . Vancomycin-resistant S. aureus isolates were reported from milk samples of both cow and goat from West Bengal 42 . Similarly, emerging trends of MDR ESBL-producing E. coli and other Gram-negative bacteria were observed from cattle and poultry sector in Odisha 43 and from cattle suffering from subclinical mastitis in West Bengal 44 .
Several antibiotics such as oxytetracycline, ampicillin, enrofloxacin, ciprofloxacin and sparfloxacin and other drugs have been used for prophylaxis and treatment and to improve larval survival in aquaculture. In one study, 90 isolates of Vibrio spp. and seven isolates of Aeromonas spp. isolated from ponds and hatcheries on the East coast were found to be resistant to ampicillin (100%), and almost >50 per cent isolates showed resistance to ciprofloxacin, ceftriaxone, kanamycin and furazolidone 45 . Further, different Aeromonas spp. obtained from fish and water samples of north India, diseased catfish and from fish of retails markets were resistant to a variety of antibiotics including colistin [45] [46] [47] [48] . Vibrio harveyi isolates from shrimp in Tamil Nadu were reported to be resistant to ciprofloxacin, penicillin, rifampicin and vancomycin 49 .
Policies on antibiotics use in food animals in India
India ranks second in aquaculture production globally 50 . Hence, it is imperative to limit the prophylactic antibiotics usage in aquaculture and focus on the correct guidelines for the implementation. Excessive use of antibiotics in animals leads to accumulation of antibiotic residues in food chain. The absence of national estimates on quantum of the problem and guidelines on antibiotics usage in farm animals and AMR in India has further fuelled the problem.
In the absence of any uniform policy about the antibiotics usage in animals in India, prophylactic use of antibiotic in poultry production and in livestock is common. Table II . In 2012-2017, National Programme on Containment of AMR gave main emphasis on laboratory-based AMR surveillance system but with no concrete timelines 53 . In 2013, National Livestock Policy encouraged States for careful use of antibiotics 54 . In 2013, Drug Controller General of India (DCGI) made it obligatory to mention the labels of antibiotics with appropriate withdrawal periods meant for animal use, and if not validated, then it should be set for at least seven days for egg or milk, for poultry meat (28 days) and fish meat (500 degree days) 55 . In June 2014, Department of Animal Husbandry, Dairying and Fisheries (DAHDF) requested States to advise veterinarians for the careful use of antibiotics and ban antibiotics mixing in feed 56 . They also proposed the necessary veterinary supervision during antibiotics use on animals and for tracking the antibiotic usage. It was also advised that licensed antibiotics should be supplied to registered users.
The Food Safety and Standards Authority of India (FSSAI) in 2015 issued guidelines to limit the use of antibiotics in meat and meat products; however, these are still under the process of implementation 57 . It is proposed that feed for meat-producing animals or birds should not include meat, blood meal and bone tissues except milk and milk products. The FSSAI has also suggested different slaughterhouse for poultry and livestock animals, and there should be slaughter of only those animals that are allowed as per the Food Safety and Standards (Food Product Standards and Food Additives) regulations, 2011 57 . The FSSAI in November 2017 has invited comments from all stakeholders and general public to fix a tolerance limit of antibiotics and veterinary drugs in meat and meat products. Recently, National Action Plan on AMR (2017-2021) has identified six strategic priorities under NAP-AMR 31 . Their main focus areas are to develop better awareness and AMR understanding by providing training, strengthening education, reducing the incidence of infection, promoting investments and strengthening India's leadership on AMR.
For seafoods, regulations of antibiotics use and other pharmacologically active substances were set by the FSSAI in 2011. These guidelines were set as per 'The Prevention of Food Adulteration Rules, 1995-Part XVIII: Antibiotic and other Pharmacologically Active Substances'
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. As per their policy, there was prescribed tolerance limit [mg/kg (ppm)] for the use of antibiotics namely, tetracycline (0.1), trimethoprim (0.05), oxytetracycline (0.1) and oxolinic acid (0.3) for seafoods with shrimps, prawns or other fish variety and products of fish. In addition to this, 'several antibiotics and other pharmacologically active substances, namely nitrofurantoin, chloramphenicol, neomycin, nalidixic acid, sulphamethoxazole, Aristolochia spp. and preparations thereof, chloroform, chlorpromazine, colchicine, dapsone, dimetridazole, metronidazole, ronidazole, ipronidazole, other nitroimidazoles, clenbuterol, diethylstilbestrol, sulphonamide drugs (except approved sulphadimethoxine, sulphabromomethazine and sulphamethoxypyridazine), fluoroquinolones and glycopeptides are prohibited' 52 .
Since selection pressure is one of the well-known contributors to AMR, limiting inappropriate antimicrobial use remains a major concern. For instance, colistin is widely used as a growth promoter in the production of food animals in India specifically in poultry sector 58 . Colistin sulphate, an antibiotic 59 . Hence, in the updated list of essential medicines 2017, colistin has been put in reserve category. After carbapenem-resistant cases, colistinresistant cases among Gram-negative bacteria are also being reported from hospitals in India [60] [61] [62] . This needs to be done urgently because of documented dangerous spread of colistin-resistant bacteria from China to several other countries in the recent past 9 . In Enterobacteriaceae, a study showed the appearance of transferable colistin resistance which was due to extensive use of this antibiotic in China for pigs' rearing. The resistance was first reported in 2016 by Liu et al 9 and has also been found in different parts of India 63 . This implies a serious warning to protect global health by restricting or phasing out use of such critical drugs. The extensive use of such antibiotics in organized poultry farms in India has also been shown to culminate in emergence of widespread resistance to several pathogens 63 .
Besides colistin, the antibiotics that should be reserved exclusively for human use are fourthand fifth-generation cephalosporins, polymyxins (both colistin and polymyxin B), carbapenems and oxazolidinones (linezolid), fosfomycin aztreonam, tigecycline and daptomycin 59 . It is therefore, imperative to initiate an appropriate action over these reserved groups of antibiotics to ensure compliance, and if not, then this may lead to greater emergence of resistance.
Initiatives of Indian Council of Medical Research (ICMR) on AMR in food animals
In spite of availability of several policies and guidelines on antibiotics use in animals, livestock, poultry and fisheries, the antimicrobial use in these settings remains high and unregulated. Implementation of the guidelines is a major challenge and requires urgent and comprehensive efforts (Box).
In view of global emphasis to regulated use of antibiotics in animals sector, The Indian Council of Medical Research (ICMR) in collaboration with Indian Council of Agriculture Research (ICAR) has initiated a project in 2017 to understand the gaps in the antimicrobial susceptibility testing and to fill those gaps by carrying out capacity building activities using the standardized methodology. The core emphasis of the project is to develop standard operating procedures for antimicrobial susceptibility testing for veterinary microbiology laboratories and identify available capacities and the gap areas. The project envisages developing capacity in AMR in veterinary sector for providing important linkages with human sector. In June 2017, the ICMR organized a meeting of all the relevant stakeholders to discuss the possibility of reserving a few classes of drugs for human use. The group made the following observations: (i). Regulation of crucial antibiotics of human use: The antibiotics which are designated to be 'critically important' or 'last line' antibiotics for humans, 59 viz polymyxins (colistin), glycopeptides (vancomycin), fluoroquinolones and fourth-and fifth-generation cephalosporins (carbapenems) should not be used for treatment in food-producing animals.
(ii). Antibiotics exclusively for animal treatment:
Antibiotics such as penicillin, tetracyclines, cephalosporins, quinolones, sulphonamides and aminoglycosides are crucial for treatment in animals and cannot be spared. Glycopeptides and carbapenems are used in pets. (iii). Standardization of diagnostic methods: There is a dearth in diagnostic methods for detection of AMR in animals which again need to be standardized and synchronized for their uniform use in all the veterinary laboratories across the country. 
Conclusions
There is now ample evidence available from other countries to suggest that the use of antimicrobials in animal sector creates drug-resistant pathogens which pose potential threat to humans. There is also evidence to support that stewardship in animals helps improve resistance profiles. India needs to formulate strict policies regarding antimicrobial use both in humans and animals. In line with the suggestions of the WHO, it will be in national interest to regulate the use of antibiotics where unavoidable and restrict unnecessary use. With no new candidates in the pipeline, it will essential to reserve certain classes of antibiotics for human use and those antibiotics should not be used in animals at all. 
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